To assess the use of potentially inappropriate medications among older adults.
INTRODUCTION
The older adults represent a significant population of growing importance in the Brazilian society because of the demographic transition. In this way, new demands arise in terms of public health policies 8 . Chronic conditions have greater visibility in the health care with the aging of the population 15 . In this way, the increased burden of disease and the use of medications become challenges for the system 18 
.
Aging is a complex phase and covers many perspectives, such as loss of functions, reduced autonomy, and higher morbidity 18 . Medication is an important instrument for the maintenance and recovery of the health of the older population. The evaluation of pharmacotherapy becomes indispensable in this context. The improvement of the prescription, dispensing, and use of drugs should be a priority in the care programs for the older population 21 .
The older adults are subject to dysfunctions in different organs and, therefore, candidates for polypharmacy (simultaneous use of four medications or more) 20 . A study in Spain has pointed out that the average daily use of medications in this age group is four to eight per person 13 .
Pharmacology in the older adults presents peculiarities because of the decrease in muscle mass and body water. The hepatic metabolism, homeostatic mechanisms, and kidney function may be compromised, which is due to the difficulty in eliminating metabolites, the accumulation of toxic substances, and possible adverse reactions 22 .
The inadequacy of the prescriptions for older patients is a public health problem, given the association with morbidity and mortality, as well as the costs to health services from the adverse reactions 14 .
Potentially inappropriate medications (PIM) are defined as drugs that can provoke side effects that outweigh the benefits in the older adults, in addition to the existence of alternatives to replace them 1 . The PIM continue to be prescribed as first-line treatment for many patients, despite the evidence of poor results in this group 1 
The PIM obtained considerable recognition after a study conducted in the United States in 1991 by Beers et al. The study reported that 40.0% of residents in nursing homes received at least one PIM 4 . These findings have led to the development of the Beers criteria for PIM for the older population, a list of criteria to guide prescriptions. These criteria were revised and expanded to include all sectors of geriatric care in 1997 5 , 2003 12 , and 2012 1 and are one of the most used methods
21
. There are few population-based studies in Brazil investigating the prevalence of use of PIM 7, 9, 23 . This work had as objective to evaluate the use of PIM in the Brazilian older population.
METHODS
This is a population-based cross-sectional study with older individuals (aged 60 years or more) in the urban area of the city of Pelotas, State of Rio Grande do Sul, Brazil. This city had 305,696 inhabitants in 2010, of which 46,099 were older persons (IBGE) a . The investigation is part of a research consortium of 18 master students of the Graduate Program in Epidemiology (PPGE) of the Universidade Federal de Pelotas (UFPel), entitled "Avaliação da saúde de idosos da cidade de Pelotas", carried out in 2014.
To evaluate the prevalence of use of PIM with margin of error of four percentage points, sample size was estimated at 623 older individuals. To examine the association between the demographic and socioeconomic variables and the use of potentially inappropriate medications, the parameters used in the calculation of sample size were: 95% level of confidence, statistical power of 80.0%, prevalence of outcome of 22.5% 23 , proportions of those exposed and unexposed to the exposures under study according to the literature review and the estimates of the last research consortium of the PPGE/UFPel, prevalence of outcome between the unexposed according to the literature review, and prevalence ratios. In addition, we added 10.0% for losses and refusals, 15.0% for the control of confounding factors, and 1.5 of design effect. The largest estimated sample size was 1,646 subjects to evaluate the association between illiteracy and use of PIM.
The sampling process was carried out in two stages. We selected conglomerates using the 2010 census data a . There were 488 sectors in total. As some sectors had a small number of individuals aged 60 years or more, some were grouped resulting in 469 sectors ordered according to the average income for the draw. This allowed the inclusion of several neighborhoods of the city with different economic situations. Each sector contained the information of the total number of households, amounting to 107,152 households in the municipality. Based on the 2010 Census a , we included 3,745 households to find the 1,646 individuals. We systematically selected 31 households by sector to enable the identification of at least 12 older individuals, which implied the inclusion of 133 census tracts, which were drawn. The households of the selected sectors were drawn systematically. Persons in the age group studied were invited to participate in the study. We excluded the institutionalized older adults and unable to respond to the questionnaire, who had no caregiver.
Quality control was done by supervisors in 10.0% of individuals in the sample, randomly selected by a reduced questionnaire.
We investigate the use of medications in the 15 days prior to the interview. We asked the respondents to show the packaging or the prescription of the medication used. For each medication, we asked the following question: "Who has indicated this medication for you?". The answers were: "physician or dentist of the Brazilian Unified Health System (SUS)", "particular doctor or dentist or those of the health plan", or "someone else". The medications were later classified into pharmacological groups using the Anatomical Therapeutic Chemical classification system (ATC) b , in the levels 1 (anatomical group) and 2 (therapeutic group).
The demographic and socioeconomic variables used were: gender (male, female), age in three categories (60-69, 70-79, and 80 years or more), self-reported race (white, non-white), economic level classified according to the Brazilian Association of Research Companies (ABEP) (classes A/B, C, and D/E) c , education level (zero to three years, four to seven years, eight to 10 years, 11 or more years of study). In addition, we used the variables of polypharmacy (simultaneous use of four drugs or more, according to definition of a recent systematic review 20 ), burden of disease, and self-medication.
In the construction of the "burden of disease", we considered the pathologies: hypertension, diabetes, heart disease, respiratory disease, cerebrovascular accident, arthritis/arthrosis, dyslipidemia, osteoporosis, depression, and cancer. We considered the use of medication as "self-medication" when the older adult reported having consumed at least one medication indicated by a person other than a physician or dentist.
We considered the effect of the sampling design for the analyses, using the set of svy commands, specific for the analysis of complex sample-based surveys, of the statistical program Stata 12.1. We performed the description of the sample in relation to the independent variables and calculated the prevalence of the outcome of potentially inappropriate medications with the respective confidence intervals. We calculated the prevalence ratios, 95% confidence intervals, and Wald test for heterogeneity and linear trend (in the case of ordinal variables) in the crude and adjusted analysis.
The update of the Beers criteria published in 2012 1 was used to analyze potentially inappropriate medications. We questioned the diagnoses that could classify medications as inappropriate, according to these criteria: heart failure, syncope, epilepsy, dementia or cognitive loss, falls or fractures, insomnia, Parkinson' s disease, chronic constipation, gastric or duodenal ulcer, chronic kidney disease, urinary incontinence, and prostatic hyperplasia. We chose to not question the occurrence of delirium, because of the complexity of the diagnosis. In some cases, we also needed to know the dose, dosage, or route of administration of the medication used. The adjusted analyses were conducted using Poisson regression in two hierarchical levels, keeping in the first level the demographic variables -race, age, and genderand socioeconomic variables -education and socioeconomic level. In the second level, we included the variables of polypharmacy, self-medication, and burden of disease.
We used the total number of older individuals as denominator for the analysis of the prevalence of potentially inappropriate medications and associated factors. The total number of medications used was used as denominator to characterize the medications for pharmacological groups. 
RESULTS
The number of older individuals found was 1,844, with 21.3% (n = 393) of losses and refusals, amounting to 1,451 interviews with older individuals. Women accounted for 63.0% of the sample. Most participants were aged between 60 and 69 years, were white, and had up to three full years of study. More than half of the sample belonged to the socioeconomic level C. Approximately 60.0% of the older adults reported up to three morbidities.
Among the respondents, 1,305 reported the use of medication in the 15 days prior to the interview. It was reported the use of 5,700 medications. The most commonly used pharmacological group according to the ATC classification was medications for the cardiovascular system (43.9%), followed by medications for the alimentary tract and metabolism (18.9%), nervous system (15.8%), blood and hematopoietic organs (6.3%), and musculoskeletal system (5.6%). Other pharmacological groups had frequency of use of less than 5.0%.
Among the 5,700 medications, 5,651 were assessed to see if they were inappropriate. Of these, 937 were considered as potentially inappropriate according to the 2012 Beers criteria (16.6%). Among the older adults, 42.4% (95%CI 39.8-44.9) used at least one PIM.
We assessed 5,661 medications regarding the origin of the prescription: 60.3% were prescribed by private physician or dentist or those of health plans and 37.6% were prescribed by physician or dentist of the SUS. Only 2.1% of the medications were used by self-medication. The prevalence of potentially inappropriate medication in private health service or health plan was 15.9% (95%CI 14.7-17.1) and in the prescriptions of the SUS it was 17.1% (95%CI 15.5-18.7).
Among the 898 medications used for the nervous system, 458 were considered as inappropriate. This group accounted for 48.9% of the total PIM. The second group with the highest number of PIM was for the musculoskeletal system. Of that group, 316 medications were used, and 169 were considered as inappropriate (18.0%). Medication for the cardiovascular system corresponded to 15.4% of those classified as potentially inappropriate, and medication for the alimentary tract and metabolism corresponded to 12.5% (Table 1) .
Psycholeptics were the most used PIM, regardless of the dose used or the pathologies presented by the older adults, according to levels 2 and 5 of the ATC, corresponding to 28.6% of the 730 medications in this category, followed by anti-inflammatories and antirheumatics (14.7%), antiepileptics (12.3%), medications used in diabetes (12.2%), muscle relaxants (8.5%), antihypertensives (6.4%), psychoanaleptics (5.2%), and cardiac therapy (3.6%), respectively. The other ATC 2 groups amounted to 8.5% (Table 2) .
Among the PIM in the older adults regardless of the dose, dosage, or route of administration used, according to the Beers criteria (2012), digoxin showed the highest proportion of inappropriate use because of dose (55.3% of the persons who used the medication had potentially inappropriate dose). Among the women who used estrogens (n = 7), five did not use vaginal preparations, considered as safer. The inappropriate use of acetylsalicylic acid and associations was 3.1% (doses above 300 mg/day are considered as potentially inappropriate). The proportion of inappropriate use was 39.4% (dose above 25 mg/day) for spironolactone and associations. Regarding the use of insulin, 21.9% of the older adults used a variable dose of this medication, which can increase the risk of hypoglycemia (Table 3) . Table 4 shows PIM according to diagnoses presented by the older adults. Among these medications, the most used was fluoxetine, with percentage of potentially inappropriate use of 34.7%, because of the history of falls or fractures. Other medications considered as potentially inappropriate depending on a diagnosis were: diltiazem, with inappropriate percentage of 61.0% because of chronic constipation or heart failure (recommended to be avoided in systolic heart failure), citalopram (35.0% of inappropriate use because of falls or fractures), cilostazol (20.5% of inappropriate use because of heart failure), and sertraline (41.0% of inappropriate use because of falls or fractures). Other diagnoses commonly involved in inappropriate medication were cognitive loss, urinary tract symptoms, and prostatic hyperplasia. Table 5 shows the prevalence of the use of PIM and crude and adjusted analyses of this outcome according to demographic and socioeconomic variables, self-medication, burden of disease, and polypharmacy. In the first hierarchical level, all variables of the model, except socioeconomic level, remained associated with outcome after the adjusted analysis: female (PR = 1.26; 95%CI 1.11-1.44), increasing age (PR = 1.25 for 80 years or more; 95%CI 1.07-1.45), protection for non-white race (PR = 0.79; 95%CI 0.68-0.93), low educational level (PR = 1.34 for up to three years of study; 95%CI 1.12-1.60). In the second hierarchical level, three variables were included, all maintaining statistically significant associations with the outcome: polypharmacy (PR = 2.29; 95%CI 1.93-2.70), self-medication (PR = 1.41; 95%CI 1.19-1.67), and burden of disease (PR = 1.64 for four comorbidities or more; 95%CI 1.09-2.45). The Beers criteria include a category of medications that should be used with caution by the older adults. Among these medications we can mention selective serotonin reuptake inhibitors (N used = 168), serotonin-norepinephrine reuptake inhibitors (N used = 22), antipsychotics (N used = 39), tricyclic antidepressants (N used = 37), and carbamazepine (N used = 6), which can cause the syndrome of inappropriate antidiuretic hormone secretion. Vasodilators (N used = 31) are present in this category, as they may exacerbate episodes of syncope in individuals with previous history. We found 40 older individuals over 80 years of age using acetylsalicylic acid, even without evidence for use in the prevention of cardiac events in this age group. 
DISCUSSION
Adopting the 2012 Beers criteria, 42.4% of the sample used at least one PIM. This prevalence was higher than in studies in India (16.0%) 25 , Nigeria (25,5%) 10 , and Ireland (28.0%) 6 and it was similar to a study conducted in New Zealand (42.7%) 16 , using the same criteria. This prevalence is also higher than what has been found in Brazilian studies using the 2003 Beers criteria. One of them, performed in Goiânia, State of Goiás, has found prevalence of 24.6% 23 . In São Paulo, State of São Paulo, a prevalence of 28.0% has been found 7 . A study in Ribeirão Preto, State of São Paulo, using the 2012 update has shown prevalence of 59.2% 3 . The higher prevalence in the studies that have used the 2012 criteria may be justified by the addition of medications to the list. In addition, many studies performed with the 2003 criteria do not evaluate medications that are inappropriate because of the dose used or in the presence of certain pathologies. The difference in prevalence can also be explained from the choice of samples, as some studies have used patients from hospitals or outpatient clinics, in addition to differences in the age of the participants.
Other studies have found higher prevalence of women using PIM 7, 11, 14 . This may be explained by the fact that women are more likely to seek medical help and talk about health problems. In addition, they tend to live longer than men, living with chronic diseases for longer 3, 23 .
Studies show the relationship between low educational level and the use of PIM 2, 24 . Educational level is directly associated with socioeconomic level. The SUS needs a more suitable scheme of medication for the older adults 23 . The prescribing habits for SUS users tend to be influenced by the relation of the medication available for free 17 . However, in our study, potentially inappropriate prescription rates were similar among users of the SUS and private services or health plans.
The use of potentially inappropriate medications may be more common among younger older adults 3, 11 . This may be explained from the greater care physicians have when prescribing medication for older persons. However, other surveys have found association with increased age 14, 24 . It is common the increase in the number of complications arising from old age, the increase of visits to one or more physicians, and the need to use drug combinations in older patients 19 
.
Our findings differ from most studies in relation to race, showing discreet protection for non-white persons. In our sample, 84.0% of the older population self-reported as being white.
Our study showed low prevalence of self-medication; however, the association of this variable with the use of PIM remained even after adjusting for the other variables. This indicates the need to raise awareness in the older population so that they can avoid the consumption of non-prescription medication.
The relationship between potentially inappropriate medications and polypharmacy is well established and has been presented in other studies 7, 14 . The number of comorbidities (burden of disease), which is associated with the use of multiple medications, is a strong predictor of PIM in our work. Knowing that there are other definitions of polypharmacy (simultaneous use of five or more medications, for example), we also analyzed polypharmacy in this way. However, we found similar results in the crude and adjusted analysis considering four medications or more, or five or more.
By using a hierarchical model of analysis, the socioeconomic and demographic variables (gender, race, age, and education) lose statistical significance with the input of the variables of the second level. The explanation for the association between these variables and the outcome is related to characteristics such as polypharmacy, self-medication, and polymorbidity, which most closely affect the outcome.
The most consumed PIM were the medications for the central nervous system, especially the benzodiazepines, in agreement with the literature 9, 23 . The older adults have increased sensitivity to benzodiazepines and decreased metabolism for long-acting agents. In general, benzodiazepines increase the risk of cognitive loss, delirium, falls, fractures, and accidents involving vehicles in the elderly 1 .
Another group that deserves to be highlighted is the medication for the musculoskeletal system, especially anti-inflammatories and muscle relaxants. With increased chronic pain in this age group, these medications are consumed frequently, and many can be purchased without prescription 3 .
Among the medications used in diabetes, there was a high consumption of glibenclamide. This medication increases the risk of hypoglycemia in the older adults, as well as the use of sliding scale insulin 1 . In the group of medications with action in the cardiovascular system, we found high use of amiodarone and doxazosin. The latter, used primarily in benign prostatic hyperplasia, presents a high risk of orthostatic hypotension 1 . Amiodarone is associated with multiple toxicities, including thyroid disease, prolonged QT interval on the electrocardiogram, and pulmonary disease We observed a high percentage of older individuals with a history of falls or fractures (28.0%), a situation closely associated with aging. The use of selective serotonin reuptake inhibitors was high in that group. Other medications considered as potentially inappropriate especially in that group of older individuals are anticonvulsants, antipsychotics, benzodiazepines, non-benzodiazepine hypnotics, and tricyclic antidepressants. Such medications can impair motor function, producing ataxia, syncope and, additional falls 1 
Among the strengths of our study, we could evaluate various pathologies involved in potentially inappropriate prescription. In addition, this is a population-based study, covering older individuals of different scenarios, but it has not included hospitalized or institutionalized older adults.
Our study presents limitations as the Beers criteria have been developed only with medication marketed in the United States. In addition, they do not include other types of inadequacies that are not exclusive to aging (e.g., interactions between drugs and therapeutic duplication) 1 .
Professionals must be aware of the possible consequences of the use of these medications in this age group. A possible explanation for the high prevalence of these prescriptions can be found in the fact that the most prevalent chronic diseases start between the fourth and fifth decade of life. They are managed with medications considered suitable for adults, which are not modified when the individual reaches the age of 60. Special care should be given to the older users of polypharmacy.
It is important to elaborate criteria of national prescription, which include medication available in Brazil. In addition, the National Essential Medicine List (RENAME) needs to contemplate appropriate medications for the older adults, as well as increase their availability for users of the SUS. Another recommendation is the greater emphasis in the curricula of universities on the specifics of the use of medication among the older population, informing future professionals about potentially inappropriate prescriptions for that age group.
